When it came to setting limits of heat stress for a 6-hour shift and for 'stop-work', it was decided to base the limit for the 6-hour shift on a i :ioo probability of men reaching an oral temperature of ioo s5F. (rectal temperature of 101 -5°F.) and to base the 'stop-work' limit on a 1:2,000 probability of reaching an oral temperature of IOI 5°F. (rectal temperature of 102 s50F.). The reasons for this choice of physiological criteria are given in full in the paper. P4SR values at which these limits are reached were determined by calculating i :I00 and i :2,ooo probability belts to the overall regression line of oral temperature on P4SR. The P4SR value at the intersection of the i:I00 probability limit and the oral temperature of Ioo0°5F. is 3X8 and the P4SR value at the intersection of the i :2,000 probability limit and the oral temperature of 255
C. H. Wyndham, A. McD. Allan, G. A. G. Bredell, and R. Andrew IoI-05F. is 5-o. These then are the limits of heat stress in the mine at Mount Isa for a 6-hour shift and for 'stop-work'. A simple graphical method has been developed and is in use in the mine for determining when the level of work and environmental heat stress have reached either a P4SR value of 3 8, when the shift is reduced to six hours; or, when the heat stress has reached a P4SR value of 5 o, when work is stopped.
In the mine at Mount Isa in Queensland, Australia there are some working places underground with relatively high air temperatures and humidities and others with high temperatures of the surface of recently broken rock. The management of the mine decided to enquire into the following questions with regard to men working in these hot conditions:
(a) Which of the various heat stress indices available predicts most accurately the effects on workmen of the various heat stress factors which occur underground in the mine at Mount Isa ?
(b) How best should the limits of heat stress be judged at which the normal 8-hour shift should be reduced to a 6-hour shift, or at which work should be stopped?
A great deal has been written about the methods of assessing the stress of work under hot conditions and of the criteria that should be used for determining the limits of heat stress for work in hot conditions (Eichna, Ashe, Bean, and Shelley, I945; Robinson, Turrell, and Gerking, I945;  Bedford, 1946; Dunham, Holling, Ladell, McArdle, Scott, Thomson, and Weiner, I946; Belding and Hatch, 1955;  Weiner and Lind, i955; Lind,  ig60; Macpherson, I962; Lind, i963;  Lavenne, i965; Wyndham, I965b; Wyndham, Strydom, Morrison, Williams, Bredell, Maritz, and Munro, i965; Wyndham, Strydom, Morrison, Munro, Heyns, and Sichel, i966) . Nearly all the conclusions are based upon experiments in hot rooms on subjects who were artificially acclimatized to heat and who are, in general, quite different from the ordinary workmen in hot industries with respect to age, physical fitness, health, nutrition, and state of acclimatization. It is doubtful, therefore, whether the conclusions based upon hot room studies can be applied in the practical work situation.
In order to avoid these difficulties a field survey was carried out underground in the mine at Mount Isa in which, firstly, oral temperatures and microclimates were measured and work rates were estimated of 86 miners at the third hour of the shift in various working places which covered the range of air conditions in the mine. Secondly, oral temperatures and microclimates of 29 volunteer miners Received for publication January 17, I967. were measured on 36 different occasions after three hours of stepping on and off blocks of wood which were adjusted in height so that each man worked at a moderate rate. These studies were also carried out over a range of air conditions.
From the environmental measurements and the estimated work rates the corrected effective temperatures (C.E.T.s) and predicted 4-hour sweat rates (P4SRs) were determined for each heat stress condition. Oral temperatures were then plotted against C.E.T.s and P4SRs, regression lines were fitted to the plots, and statistical calculations were made in order to determine which of the two heat stress indices was the better predictor of oral temperature. As a result of this work it was possible to advise the management of the mine which of the heat stress indices should be used and also when a 6-hour shift should be worked and when work should stop. This is the first time, of which we are aware, that any attempt has been made to apply in the practical working places in a mine the methods which have been developed in climatic chambers for assessing heat stress and for establishing the limits of heat stress for work in hot conditions. The procedures used are described and the conclusions reached are reported because they may have an application for the same purpose in other hot industries.
Methods
Oral Temperature Measurements The men, working in the area where the day's study was to be carried out, were briefed on the objects of the experiment and on the procedures to be carried out before they went underground. Their oral temperatures were measured soon after arrival at their working places and again each hour for the first three hours of the shift. The men were asked to refrain from drinking any water for the half hour before the oral temperatures were measured.
A test was made to see how the third hour oral temperatures compared with measurements made later in the shift. To check this point the oral temperatures of 26 men were measured at the usual third hour period and again in the afternoon, two hours after the end of 'crib time' (relaxation time).
Air Conditions and Work Rates At the same time as oral temperatures were recorded, measurements of the men's working places were made with a sling psychrometer of wet-(W.B.) and dry-bulb (D.B.) .256 temperatures, of the temperature inside a blackened 6-in. copper sphere (G.T.), and of the wind velocity (W.V.), using a hot wire anemometer.
The distribution of the 86 workmen in the various air conditions underground is indicated in Table I Plate Laying This involves a great deal of moderately hard work with a pick and shovel but two men are usually involved and they take turns at the hard work.
Timbering This is also considered by the men to be hard work.
In general, the work rates were considered by the physiologist to be between light and moderate (i.e., [2] [3] [4] [5] and 5 o Cal. /min.) with most jobs in the light category.
Since the study was carried out mechanization of the mine has progressed and now many diesel-powered front-end loaders are in use so that even more of the tasks are now in the light work category. Where men work hard (i.e., 7-5 to I0 Cal./min.), periods of rest or light work are interspersed. Workmen are supervised for only brief periods by the shiftbosses. They are paid on contract and the physical effort they put into the task depends upon their motivation to earn high wages. When they feel tired, or uncomfortably hot, they generally withdraw to a cool place to rest.
Clothing Almost without exception the men worked in long trousers and shirts. The shirts were either longsleeved or singlets (T-shirts). In hot conditions the shirts were unbuttoned but the men rarely removed them. This is probably due to the fact that the shirts protect the skin from the fine dust which is removed with difficulty when the men shower after the shift. Underground clothing is generally washed only once a week and often becomes caked with dust and also with grease and oil from drilling.
Step 95739 (v) and the correlation squared is o66, which is highly significant.
A test for parallelism gave an F value of I5-022, from which it can be assumed that the lines are parallel. However, the analysis of variance gave a value for difference in position which is significant at the i % level, which indicates that the two regressions for oral temperatures against C.E.T. cannot be combined.
From this analysis it can be concluded that the correlations between oral temperatures and both of the heat stress indices are significant. The P4SR index gives similar regression equations, as regards both slope and position, for conditions where the differences between D.B. and W.B. are greater and less than io0F., so that in effect one regression equation can be used for both sets of conditions. This means that the P4SR index takes account accurately of the effects on oral temperatures of workmen of conditions where the relative humidity is very high and also of conditions where it is less high. The regression equations of oral temperatures against C.E.T., for these two sets of air conditions, are not coincident and therefore separate regression equations are required to take account of the effects on oral temperatures of the workmen of very high and less high humidities. (Eichna et al., I945; Robinson et al., 1945) . No conclusions can be drawn from the present data on another criticism of C.E.T., namely that it does not give sufficient weight to the improvement in physiological strain from an increase in W.V., at low W.V.s in high W.B.s (Dunham et al., 1946) .
It might be objected that the lower correlation coefficient of oral temperature with C.E.T. than with P4SR might be due to the fact that no attempt was made in the analyses to separate the oral temperatures into different work rate categories. Smith (1955) has shown that separate regression equations for body temperature against C.E.T. are required for different rates of work. However, this does not appear to be the reason for the low correlation coefficient between oral temperatures and C.E.T. because relatively few of the 86 men were classified as working at a moderate rate and, furthermore, in the experiment in which the 29 men all worked at a work rate of I,56o ft.lb./min., the correlation coefficients showed the same trend (that with P4SR was 0o53 and that with C.E.T., 0o38).
In conditions where the temperature of the surrounding surfaces is higher than that of the air, Bedford (I946) proposed that the physiological effects of long-wave radiation on man could be taken account of by means of the measurement of the temperature inside a 6-in. blackened copper sphere (G.T.). In determining heat stress index values from the C.E.T. and P4SR nomograms, G.T. is substituted for D.B. The results of the present study have shown that where G.T. was more than io0F. higher than D.B., the P4SR values were high and the oral temperatures of the group of subjects under these conditions fell well below the regression lines fitted to the rest of the data. However, if D.B. is used instead of G.T. in working out P4SR values for these conditions, then the plots for this group of subjects fall close to the regression line fitted to the rest of the data. From this evidence it can be concluded that when G.T. is more than io0F. higher than D.B., the use of G.T. in calculating P4SR from the nomogram exaggerates the physiological effects of the radiant heat load.
There is support for this conclusion with regard to the effect of radiant heat in a multi-variance analysis carried out by one of us (R. 'a situation in which an increasing number of fit, acclimatized men found conditions beyond their endurance'.
It is clear that the criterion used by both these groups of research physiologists for judging the limit of heat stress is heat collapse and/or acute heat fatigue. Based upon these criteria, the Fort Knox Laboratory found that young, fit, highly acclimatized and well motivated men were able to complete four hours of continuous work at a moderate rate (about 5 Cal./min.) at a C.E.T. of 92°F., though the men experienced some difficulty in doing so. Wyndham, Bouwer, Devine, and Patterson's (1953) findings on highly acclimatized Bantu miners were similar. The limiting C.E.T. in the British studies for a lower rate of work was go°F. (Weiner and Lind, 1955 (I955) in their statement, 'it was, of course, recognized that all men serving in the Navy were not as fit or as young as the subjects who took part in the experiments . . . and an E.T. of 86°F. would be safer in practice (our italics) as the upper limit to which men could reasonably be exposed daily'.
Heat stroke limits, such as those proposed by Wyndham and his colleagues in I953 and by Lind in I960, which do not take account of the variability between individuals in their reactions to heat, are bound to fail, as happened in the case of Wyndham et al.'s (1953) recommendations based upon 13 highly acclimatized and very fit Bantu miners.
In an endeavour to meet the above objections, Wyndham and his co-workers in I965 proposed a new physiological criterion for judging the limits of heat stress and also a new procedure for determining the limits in industrial situations. The present study is an application of these proposals. The new physiological criterion is based upon the response characteristic of the curve, expressing the control of sweat rate by the temperature of the core of the body (measured as rectal temperature), one of the body's main temperature regulating mechanisms (Wyndham, I965a Determining the Upper Limits of Heat Stress for Work in the Mine at Mount Isa One of the main objects of these studies was to provide the management of the mine at Mount Isa with the limits of heat stress for work in the mine at which (i) the shift should be shortened-the 'six-hour' limit; and (2) the work should be stopped-the 'stop-work' limit.
Translated into Mount Isa mine's '6-hour' and 'stop-work' limits, it is proposed that, on the basis of the above discussion, an oral temperature of I00-s5F. be the physiological limit for the '6-hour' shift and an oral temperature of IOI s°F. be the limit for 'stop-work'.
A decision had then to be reached on the levels of probability which would be acceptable to both the mine management and the trade unions concerned of workmen reaching these two physiological limits of oral temperature. It was proposed that the limit of heat stress for the 6-hour shift should be one at which there would be a probability of only i :ioo men reaching an oral temperature of Ioos°0F. This means that very few, if any, men working in heat stress below this limit would experience any difficulty due to heat in completing the shift. For the 'stop-work' limit it was decided to keep very low the probability of men reaching an oral temperature of 101 s°F. because, if men work with oral temperatures in excess of this level, they might suffer from heat collapse and/or acute heat fatigue. The 'stop-work' limit was based, therefore, upon a probability of only I 2,000 men reaching an oral temperature of ioi05F. This level of probability appeared to be reasonable and to be fair to both mine management and the trade unions. The next step in arriving at these two limits of heat stress was to calculate I:IOO and I:2,000 probability limits to the overall regression line of oral temperature on P4SR from Figure 4 . These limits are given in Figure 7 . It will be seen from this Figure that the I: IOO probability limit cuts the Ioo-50F. oral temperature line at a P4SR value of 3-8 and the i:2,ooo probability limit cuts the oral temperature line of ioi s50F. at a P4SR value of 5 o.
The heat stress limit for a 6-hour shift is, therefore, a P4SR of 3-8 and the limit for 'stop-work' is a P4SR of 5-o.
The Application of the Heat Stress Limits in the Mine at Mount Isa In order to apply the above heat stress limits in the mine, P4SR values have to be determined underground. For this purpose measurements are needed of D.B., W.B., G.T., and W.V. and an assessment of work rate. Apart from the measurement of G.T., all these measurements are part of the routine measurements made by the ventilation officers in the mine. Estimates of work rates into the categories of light, moderate, and hard present no difficulty because mining operations in the mine at Mount Isa are highly mechanized and few jobs fall into the category of moderate work. Hard work is rarely done and when it occurs it is of short duration.
There are two difficulties in making the assessment of P4SR values in working places. One is the measurement of G.T. The method in general use is the measurement of the temperature at the centre of a blackened, 6-in. copper sphere (Bedford, 1946) . However, the time response of the globe is very slow and it may take 20 tO 30 minutes before the temperature reaches a steady level. This is a serious handicap in a mine because the ventilation officer is expected to cover a large area of the mine when he makes a survey of the air conditions in working places underground. It was, therefore, decided to see whether it would be possible to replace the G.T. with a measurement of temperature by means of a mercury thermometer with a blackened bulb. Forty pairs of measurements with these two instruments were made over the range of air conditions that occur underground in the mine at Mount Isa. Analysis of the data shows that there is no bias between the two measurements and from the confidence limits fitted to the regression line of blackened thermometer temperature on G.T. it can be stated that only I: 20 temperatures measured by the blackened thermometer would differ from the G.T. by more than 3-o0F. The results of these studies have shown that the physiological effects of long-wave radiation in the mine at Mount Isa are less than those of either W.B. or D.B. As a rough yardstick it can be taken that the physiological effect of a one-degree Fahrenheit change in G.T. is about one-third the effect of a similar change in D.B. and about one-fifth the effect of a similar change in W.B. in the range of air conditions in the mine at Mount Isa. A relatively crude method of measuring mean radiant temperature, such as that proposed, is therefore acceptable.
The other difficulty is the method of estimating P4SR values from the nomogram and the associated procedures given in the I947 report on the subject (Macpherson, I960) . These are unnecessarily complicated and too difficult to be used by underground officials in making 'on the spot' decisions as to whether a 6-hour or a 'stop-work' limit of heat stress has been reached. A simplified procedure has, therefore, been worked out for use in the mine at Mount Isa and is being tried underground. This conference, whilst maintaining the previous general theme of the advances in knowledge of the mechanisms governing the entry of foreign material into the lungs and the response of the lungs to inhaled matter, will concentrate on the application of this basic knowledge to the particular problems of coal-workers' and industrial mixed dust pneumoconiosis.
Contributions to the Symposium will be welcome from all countries. They should in general describe original research but some review papers will be accepted. Contributions will be subject to scrutiny by the Society's Honorary Editor with the assistance of an advisory panel.
The Symposium is expected to last 4/5 days; simultaneous translation will be provided in English, French, and German (and other languages, depending on requirements). The proceedings will subsequently be published in book form, full details of which will be announced later. 
